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Purpose: To investigate the focal interictal EEG abnormalities in adult patients with absence seizures
(ASs) and to identify their clinical, EEG and semiological correlates.
Methods: Fifty patients older than 18 years, diagnosed as having IGE with AS documented with ictal
recordings. Interictal focal sharp or spike–waves and strictly focal paroxysmal slow activity were
considered as focal EEG features. The patients having focal EEG features were classiﬁed as ‘‘Group I’’,
whereas the remaining of them was classiﬁed as ‘‘Group II’’.
Results: We observed focal ﬁndings in 34% of the patients, mainly in frontotemporal (41%), and frontal
(29%) regions. There were no signiﬁcant differences with respect to the clinical parameters such as sex,
epilepsy duration, positive family history and the age of the onset between the groups. Psychiatric co-
morbidities were signiﬁcantly higher in Group I when compared to Group II (P = 0.00). Accompanying
automatisms were higher in Group I, whereas eye deviation during absences was higher in Group II. In
Group I, the asymmetry of the ictal discharges was more frequently observed. Focal EEG features were
more frequently seen in juvenile absence epilepsy syndrome, without reaching a signiﬁcance level.
Conclusion: The focal ﬁndings in adult absence epilepsy patients could have some unknown etio-
pathogenetic and prognostic implications. We emphasize the cautious interpretation of isolated
interictal focal EEG abnormalities to prevent a wrong diagnosis of focal epilepsy in patients who may
indeed suffer from generalized epilepsy.
 2009 British Epilepsy Association. Published by Elsevier Ltd. All rights reserved.
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Idiopathic generalized epilepsy (IGE) with absence seizures
(ASs) usually has its onset in childhood and puberty and is
expected to remit in adulthood. Nevertheless itmay persist, appear
or recur in adult life in 7–81% of the cases.1–5 There are reports of
adult IGE patients with AS who remain unrecognized are
diagnosed with a substantial delay.6,7 The classical interictal EEGs
of AS present a normal background activity with bilateral
symmetric and synchronous 3-Hz spike and wave discharges
usually with a superior frontal maximum. However, a few authors
have reported additional interictal focal EEG features in about 1/3
of the cases.6,8–10
In a cohortwith various IGE syndromes including thosewith AS,
56% had focal features which presented in up to 65% of the EEGs in
each of the patients.11 It was reported that absence epilepsy (AE)
syndromes in adultsmay show particular clinical and EEG patterns* Corresponding author. Tel.: +90 212 414 20 00; fax: +90 212 533 85 75.
E-mail address: zelihamatur@yahoo.co.uk (Z. Matur).
1059-1311/$ – see front matter  2009 British Epilepsy Association. Published by Else
doi:10.1016/j.seizure.2009.01.007distinct from those in childhood or adolescence.10 Thus, absence
epilepsy in adult life requires special attention.
Furthermore, recent studies in epileptic rats conﬁrmed that
there is a consistent focus within the somatosensory cortex from
which seizure activity generalizes over the cortex, even though a
functionally intact thalamocortical network is required for the
generation of the spike and wave discharges.12
The purpose of the current study is to investigate interictal focal
EEG features in adult patients with AS and to identify their clinical
correlates.
2. Methods
All patients who were older than 18 years, diagnosed as having
IGE with AS according to the ILAE criteria13 and followed-up for at
least 1 year at Istanbul Faculty of Medicine, Department of
Neurology, Epilepsy Outpatient Clinic between the years of 1997
and 2002 were investigated in this retrospective study. Ninety-
eight patients had a history of short spells the prominent feature of
which was an alteration of consciousness with loss or decrease of
motor activity accompanied by generalized, bilaterally symme-
trical spike and wave discharges on the EEG and normalvier Ltd. All rights reserved.
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problems except for febrile seizures and all subjects had normal
neurological examinations, although some of them had mild
intellectual deﬁcits. The results of all laboratory tests were in the
normal range including those of neuroimaging when performed.
From the main group, we included 50 patients with ictal
recordings to the current study, those with either good quality
videos (25) or detailed records of the seizure semiology (25) during
AS. The remaining 48 patients who described AS clinically and had
short-lasting (less than 2 s) generalized spike andwave paroxysms
as interictal discharges without clinical symptoms were excluded
(Fig. 1). Two of the investigators (ZM, AG) re-examined a total of
476 EEGs or video-EEGs and the clinical charts of the cases for the
current study, in order to select the patients with clear-cut ictal
discharges compatible with a diagnosis of absence seizures. Only 1
patient had 1 EEG (a 4-h recording) and 5 patients had 2 EEGs. The
remainder of the group had 3–15 EEGs. In one of our previous
studies,14 all consecutive patients admitted with a presumptive
diagnosis of ‘‘absence’’ seizures had undergone a detailed
epileptological examination and video-EEG monitoring after the
patients’ informed consent. These patients were also included in
the current study.
EEG recordings were performed with scalp electrodes placed
according to the international 10–20 systemwith both bipolar and
referential montages. Standard activating procedures were per-
formed in all patients. We studied the following scalp EEG
phenomena: background activity, effects of intermittent photic
stimulation and hyperventilation, asynchronous onset and termi-
nation of ictal discharges, asymmetrical appearance of generalized
ictal activity, fragmentation of the discharges, regularity, fast
rhythmic activity during the ictus, anterior predominance at the
onset of ictal discharges andmultiple spike and wave morphology.
Interictal focal sharp or spike/spike and wave complexes, and
strictly focal paroxysmal 2–7 Hz slow wave activity (seen in more
than 1 EEG) were considered as focal EEG features. The patientsFig. 1. The ﬂow chawith these focal features were classiﬁed as ‘‘Group I’’, whereas the
remaining patients who were classiﬁed as ‘‘Group II’’ had no focal
discharges. Other deﬁnitions for EEG were as follows. Spike: a
transient activity with duration of 20–70 ms and variable
amplitude, clearly distinguishable from the background. Sharp
wave: a transient activity with a duration of 70–200 ms, clearly
distinguishable from the background. Slow wave: a wave with
duration longer than alpha waves. Amplitude asymmetry: >50%
difference in the amplitude of activity recorded from the two sides
of the head. Asynchrony: waveforms that occur in different
channels without constant time relation to each other. Fast
activity: 8–20 Hz low amplitude rhythmic bursts.
Clinical parameters evaluated included sex, age at onset of
epilepsy, age at onset of absence seizures, age at the last follow-up,
duration of follow-up, history of febrile seizures, family history for
seizures, presence of psychiatric problems and semiological
analysis of absence seizures with regard to tonic, clonic,
myoclonic components, automatisms, hypotonia, eye blinking,
eye deviation, and autonomic signs or simple absences. These ictal
semiological features (myoclonic, clonic components, etc.) and
automatisms were deﬁned as described in the ILAE Commission
Report.15 Seizure frequency was inquired separately for each
seizure type at each visit and seizure diaries were examined
routinely. Absence seizures were grouped according to their
frequency at the beginning and at the end of the study period as
seen in Table 4. All patients were independently evaluated by at
least two of the experienced epileptologists during follow-up. If
the physicians noted the existence of psychiatric problems or the
patient reported psychiatric complaints, they were sent to the
psychiatry team to clarify the psychiatric diagnosis according to
the DSM-IV. All the listed clinical features were compared
between the two subgroups to ﬁnd out if these subgroups had
speciﬁc patient proﬁles.
An epilepsy syndrome diagnosis was made for each patient in
joint sessions, based on the clinical and EEG features according tort of the study.
Table 1
The clinical features of the study groups.
Clinical features Group I (n = 17) Group II (n = 33) Total (n = 50) P value
N (%)/mean  standard deviation (min–max)
Female/malea 10/7 (59/41) 17/16 (52/48) 27/23 (54/46) 0.62
Age at onset of epilepsy (years)b 11  4 (3–16) 9  4 (1–20) 10  4 (1–20) 0.93
Age at onset of absences (years)b 16  16 (3–67) 10  6 (1–29) 12  10 (1–67) 0.85
Age at the last follow-up (years)b 30  13 (20–74) 29  14 (19–91) 29  13 (19–91) 0.27
Duration of follow-up (years)b 8  7 (1–22) 8  6 (1–22) 8  6 (1–22) 0.48
Duration of epilepsy (years)b 19  12 (5–57) 17  13 (4–71) 18  13 (4–71) 0.14
Seizure typesa 0.54
Absences only 4 (24) 5 (15) 9 (18)
Absences + GTCS 7 (41) 17 (52) 24 (48)
Absences + GTCS + myoclonic jerks 4 (24) 9 (27) 13 (26)
Absences + other 1 (6) 1 (3) 2 (4)
Absences + GTCS + myoclonic jerks + other 1 (6) 1 (3) 2 (4)
Absence status epilepticusa 7 (41) 11 (33) 18 (36) 0.58
Positive history of febrile seizuresa 3 (18) 13 (40) 16 (32) 0.47
Positive family history of epilepsya 6 (35) 12 (36) 18 (36) 0.80
Positive history of carbamazepine usagea 9 (53) 12 (36) 21 (42) 0.26
Psychiatric diagnosisa 8 (47) 1 (3) 9 (18) 0.00
Remission of more than 1 yearb 2 (1) 13 (39) 15 (30) 0.04
Duration of remission (years) 3  3 (1–6) 5  3 (1–12) 4  3 (4–12) 0.50
Continuing treatmenta 15 (88) 29 (87) 44 (88) 0.80
The level of signiﬁcance (P value): 0.01. GTCS: generalized tonic–clonic seizures.
a Pearson Chi-Square test.
b Mann–Whitney U-test.
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where possible.16 Four distinct epilepsy syndromes with AS were
proposed in this classiﬁcation: childhood absence epilepsy (CAE)
with age at onset less than 10 years, juvenile absence epilepsy (JAE)
with age at onset over 10 years and juvenile myoclonic epilepsy
(JME) with predominance of myoclonia and ﬁnally myoclonic
absence epilepsy which is not present in our series.16 Eyelid
myoclonia with absences (EMA) was diagnosed as a distinctive
syndromewith brief AS occurring with rapid and prominent eyelid
myoclonia and EEG demonstrating spike and wave discharges
following eye closure.17 The syndrome described by Panayioto-
poulos et al.18 with prominent perioral myoclonia as a consistent
symptom of their AS was also classiﬁed separately. The onset of
absences over the age of 20 was grouped as late onset absences.
Patients with onset earlier than 3 years (2 pts), frequent absence
status epilepticus (4 pts) or rare myoclonic seizures who could not
be diagnosed as JME (2 pts JME-JAE intersection) were not
classiﬁed further.
Descriptive statisticswere done for relevant parameters such as
current age, age at onset, sex, etc. with SPSS 11 software. Several
clinical and EEG variables were investigated and compared
between the groups. Pearson Chi-square and Mann–Whitney U-
tests were used for statistical analysis where appropriate. The level
of signiﬁcance (P value) was set at 0.01.Table 2
Semiological features of the absence seizures.
Semiological features Group I N (%)
Impairment of consciousness only 11 (65)
With mild tonic or clonic activity 0
With eyelid myoclonia 1 (6)
With myoclonic jerks of the extremities 1 (6)
With perioral myoclonus 0
With automatism 5 (29)
With atonia-hypotonia 1 (%)
With deviation of eyes 0
With eye blinking 8 (47)
With autonomic sign 0
a Pearson Chi-Square test, the level of signiﬁcance (P value): 0.01.3. Results
The studygroup included23males and27 females, agedbetween
19 and 91 years (average: 29 years) and followed for an average
period of 8 years (range: 1–22 years). Thirty-nine patients had
normal MR-imaging investigations, including 2 with coincidental
ﬁndingsofmild cerebellar atrophyandmega cisternamagna.Among
the 11 patients without MR imaging, only 1 was from Group I.
3.1. Clinical ﬁndings
There was no signiﬁcant difference with respect to the
investigated clinical parametersbetween thegroupswithorwithout
focal ﬁndings as seen in Table 1. AS was the ﬁrst seizure type in 9
patients (53%) of Group I and in 23 patients (69%) of Group II.
Associated seizure types were present in 41 patients; these
included generalized tonic–clonic seizures (GTCS) (39), myoclonic
jerks (15), and others (2) (Table 1). There was no signiﬁcant
differencewith respect to these seizure types between the two study
groups. Focal clinical seizure features were observed in only 2
patients consisting of head/trunk rotation with preserved con-
sciousness.
The psychiatric co-morbidity is signiﬁcantly high in Group I as
seen in Table 1 (Fisher’s exact test P = 0.00). The psychiatricGroup II N (%) Total N (%) P valuea
18 (54) 29 (58) 0.49
2 (6%) 2 (4) 0.30
3 (9) 4 (8) 0.69
4 (12) 5 (10) 0.49
1 (3%) 1 (2%) 0.47
2 (6) 7 (14) 0.02
1 (3) 2 (4) 0.62
7 (21) 7 (14) 0.04
10 (30) 18 (36) 0.24
1(3) 1 (2) 0.47
Fig. 2. (a) and (b) EEG examples of a patient with childhood absence epilepsy: (a) typical 3 Hz spike and slowwaves discharges and (b) a consistent slowwave paroxysmwith
a short duration and moderate amplitude localized to the fronto-temporal region. (c) EEG example of a patient with juvenile absence epilepsy; ictal recording showing
asymmetry.
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suicide attempts in 2 of them, obsessive compulsive disorder in 1
patient and schizoidpersonalitydisorder in the lastpatient. The only
patient with psychiatric problems in the group without focal
features had depression.3.2. Semiological analysis
The detailed analysis of the clinical seizure phenomena of the
two groups is given in Table 2. AS accompanied by automatisms
was higher in Group I when compared with Group II. On the other
Fig. 2. (Continued ).
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(Table 2).
3.3. EEG ﬁndings
The observed focal abnormalities consisted of spike/spike and
wave discharges in 13 patients and strictly localized and consistent
paroxysmal slow waves of theta or delta frequency in 4 patients
(Fig. 2). Focal abnormalities were mostly seen in frontotemporal (7
patients, 41%) and frontal (5 patients, 29%) regions; the other
regions were temporoparietoccipital (2 patients, 12%), temporal (2
patients, 12%) and frontotemporoparietal (1 patient, 6%) regions.
Among the investigated parameters, ictal EEG asymmetry
during AS was more common in the group with focal EEG ﬁndings
(Table 3, Fig. 2c).
3.4. Classiﬁcation of the epilepsy syndromes
Syndromic classiﬁcation of the patients is shown in Fig. 3. Focal
EEG features were more frequently seen in juvenile absence
epilepsy (JAE) when compared to Group II, without reaching
statistical signiﬁcance.
3.5. Treatment and prognosis
Forty-four patients (88%) were still receiving anti-epileptic
drugs. Of these patients, 52% were receiving valproic acid (VPA)
monotherapy, 8% other monotherapies (clonezepam and ethosux-
imide) and the remaining 28% various duotherapies. The ratio of
former carbamazepine usagewas higher in Group I than in Group II
without a statistical difference. There were only 2 patients who
had received phenytoin, another unsuitable drug for absences (1 of
them in Group I). Fifteen patients (30%) were seizure-free for all
seizure types and 7 of them were seizure-free for at least 5 years.
The ratio of 1 year seizure-freedom had a tendency to be lower in
‘‘Group I’’ (2 out of 17) when compared with ‘‘Group II’’ (13 out of33). There were 5 patients (1 from Group I and 4 from Group II)
with remission of the absences but continuing rare GTCS. The
changes in the frequency of absence seizures during follow-up are
shown in detail in Table 4.
4. Discussion
Absence epilepsy is not rare in adulthood and accounts for 10%
of a consecutive hospital series of 200 adult patients with epileptic
disorders.10 It was reported that AS had been frequently
unrecognized or misdiagnosed as complex partial seizures, and
that patients having focal abnormalities might have been
erroneously interpreted as having partial seizures.10 Our study
showed that 34% of adult patients with proven AS had some focal
interictal EEG features. This result could be higher than expected,
possibly due to our methodology, selecting only patients with ictal
records. These focal paroxysms and the presence of automatisms
(29%) should not be mistaken for partial seizures and such focal
ﬁndings do not preclude the possibility of an AE syndrome. Video-
EEG documentation is important in reaching a correct diagnosis
and choosing an appropriate drug regimen.
Another study reported that focal EEG abnormalities were even
more frequent in the ‘‘classical age’’ IGE group (11.2%), in
comparison to IGE with age of onset over 20 years (8.7%). These
rates are lower than those of other reports and of our series,
probably because of different inclusion criteria.7,19
Focal EEG features weremostly described in juvenilemyoclonic
epilepsy or as a whole of the IGEs. Our study showed for the ﬁrst
time that they were also frequent in absence epilepsy in adults. It
was previously reported that focal abnormalities were more
frequent among AE patients with generalized tonic clonic
seizures,20 reﬂecting probably the fact that JAE patients usually
have a tendency to GTCS than the CAE patients.
One of the interesting results of this study in adultswithAS is the
surprisingly low rate of remissionunder anti-epileptic drug therapy.
It could partly be explained by the selection bias that these patients
Table 3
The ictal EEG features of the study groups.
Ictal EEG features Group I N (%) Group II N (%) Total N (%) P valuea
Activated by hyperventilation 6 (35) 14 (42) 20 (40) 0.62
Photosensitivity 4 (24) 6 (18) 10 (20) 0.65
Asynchrony in onset 4 (23) 4 (12) 8 (16) 0.30
Asynchrony in termination 2 (12) 1(3) 3 (6) 0.22
Asymmetric ictal discharges 8 (47) 6 (18) 14 (28) 0.03
Discharge fragmentation 2 (12) 6 (18) 8 (16) 0.56
Regular ictal discharges 11 (65) 27 (82) 38 (76) 0.18
Multiple spike–wave discharge 6 (35) 7 (21) 13 (26) 0.28
Associated fast activity 2 (12) 1 (3) 3 (6) 0.21
Anterior predominance in discharge onset 7 (41) 9 (27) 16 (32) 0.31
aPearson Chi-Square test and Fisher’s exact test where appropriate. The level of signiﬁcance (P value): 0.01.
Fig. 3. Syndromic classiﬁcation of adult patients with absence epilepsy in the
subgroups with and without focal EEG features. CAE: childhood absence epilepsy,
JAE: juvenile absence epilepsy, JME: juvenile myoclonic epilepsy, EMA: eyelid
myoclonia with absences, POMA: perioral myoclonia with absences, L-O: late onset
absence epilepsy.
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center. Another possible explanation is the high rate of misdiag-
nosed cases, hence the large proportion of patients treated formerly
with CBZ or phenytoin, which might further have worsened the
prognosis. The resistance to AED was also reported in some JME
patients despite adequate therapy and lifestyle adjustments.21,22
In a large series of childhood onset AS, lateralized spikes were
found in 27% and were interpreted as a poor prognostic factor
associated with relapses.23 The ratio of seizure-freedomwas lower
in our group of adult patients with focal abnormalities. It should be
emphasized that the psychiatric problems were signiﬁcantly
higher in the patients with focal abnormalities; almost all of
these cases had focal abnormalities localized to the temporal lobes.
Gelisse et al.21 indicated that the presence of psychiatric problems
in JME patients was associated with drug resistance.
There are rare case reports of patients having both syndromes of
AE and other forms of partial epilepsy.24–26 This situation isTable 4
The reported frequencies of the absence seizures in the ﬁrst visit and at the end of the
Group I (n = 17)
Frequency at
the beginning
Frequ
last f
More than 10 absences daily 3 0
1–9 absences daily 10 4
Less than 1 absence daily 4 10
No absences 0 3entirely different in our group, there is no clinical indication of co-
existence with a partial epilepsy syndrome.
The high incidence of focal interictal EEG features in adults with
AS cannot be explained with our current knowledge. The
speculated explanations were associated subtle focal cortical
pathology such as microdysgenesis and/or development of
localized, self-sustaining hyperexcitability over time in low-
threshold cortical structures subjected to repeated generalized
spike–wave activity.11 Meeren et al.12 provided data indicating a
focal theory of absence epilepsy based on experimental ﬁndings in
the WAG/Rij rat; they showed that a cortical focus in the perioral
part of the somatosensory cortex initiates a cascade of events that
ultimately leads to the occurrence of bilateral and generalized
spike and wave discharges if the thalamo-cortical circuitry is
working properly. Furthermore, investigations in Genetic Absence
Epilepsy Rats from Strasbourg also suggest that absence seizures
arise from the facial somatosensory cortex, using in vivo
intracellular recordings. These hyperactive neurons lead to ﬁring
of distant cortical cells during the epileptic discharge and exhibit
interictal as well as preictal oscillations that are converted into an
epileptic pattern.27 These results extended the ‘‘focal hypothesis’’
of absence epilepsy. However, focal ﬁndings in human IGEs were
reported to be present most often in the frontal or temporal
regions,11 as shown in our study.
By deﬁnition, MRI scans of patients with IGE are normal on
visual assessment. Using an interactive anatomical segmentation
technique and volume-of-interest measurements of MRI, Woer-
mann et al.28 showed that patientswith IGE had signiﬁcantly larger
cortical grey matter than control subjects. Other studies using
voxel-based morphometry also suggested the existence of
different patterns of cortical abnormalities in IGE subsyndromes.
Patients with JME presented increased gray matter concentration
in frontobasal region whereas patients with AE showed abnorm-
alities in the superior mesiofrontal region.29
We think that our ﬁndings are in favor of the hypothesis of a
more continuous transition between focal and generalized
epilepsies in contrast to the obsolete concept of a strict dichotomy.
The focal ﬁndings in adult absence epilepsy patients could have
some unknown etio-pathogenetic and prognostic implications. In
conclusion, we emphasize the cautious interpretation of isolatedstudy.
Group II (n = 33)
ency in the
ollow-up
Frequency at
the beginning
Frequency in the
last follow-up
11 4
17 7
5 5
0 17
Z. Matur et al. / Seizure 18 (2009) 352–358358interictal focal EEG abnormalities to prevent a wrong diagnosis of
focal epilepsy in patients who may indeed suffer from generalized
epilepsy.
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